Searching PAJ 



1/1 



S 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 1 1 -031 866 

(43)Date of publication of application : 02.02.1999 



****** >>*•*•>>> p*« • • • 1 



k # * ^ « * « ***** F>« ■ 



k * * # * * *** * **«*■■■■ 



"••***••»•»••■■•••*•••*♦♦*•*******»••»•■•■•••*••*••**•**•■*••»•••■■»••■*■*■••••• *****! 



(51)IntCI. 




HOIS 3/18 
HOIL 33/00 




(21 )Application number 


: 09-188523 


(71)Applicant : 


TOSHIBA CORP 


(22)Date of filing : 


14.07.1997 


(72)Inventor : 


YAMAMOTO MASAHIRO 








NUNOGAMI SHINYA 








SASANUMA KATSUNOBU 


^.:.:.::::::::;::::::::::::":::::!:::""™::::::: 






ISHIKAWA MASAYUKI 



(54) SEMICONDUCTOR DEVICE OF GALUUM NFTRIDE COMPOUND 

(57)Abstract 

PROBLEM TO BE SOLVED: To increase effectual p-type carriers by 
connecting n-side and p-side electrodes to a laminated film comprising 
material expressed by a specified composition formula, forming a heat- 
generating structure within the laminated film such that low-resistance 
region and high -resistance region are ac(jacent to each other, and 
arranging the low-resistance region closer to the p-side electrode than 
the high-resistance region. 

SOLUTION: Modulated doping is performed on a p-type layer, basically 
comprising a gallium nitride compound semiconductor of material 
expressed by a composition formula InxGayAII-x-yN (0<x<1, 0<y<1). The 
layer subjected to the modulated doping is arranged as a p-modulated 
layer 32 between a p-side electrode 22 and pn-junction. In this case, the 
modulated layer 32 is set such that carriers iojected from the p-side 
electrode 22 first pass through the low- resistance region containing 
impurities at a high concentration, then pass through the high-resistance 
region containing impurities at a low concentration. In this manner, as the 
carriers pass from the tow-resistance region to the high-resistance 
region, heat-generation is made in the high-resistance region. 



tb3 





MflJUt 



l4||tS^ 



LEGAL STATUS 

[Date of request for examination] 16.03.2001 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 

[Patent number] 3488597 
[Date of registration] ' 31.10.2003 

[Number of appeal against examiner s decision of rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 



http://www1 9.ipdl.inpit.go jp/PAl /result/detail/main/wAAAj.ay4WDA41 1 031 866P1 .htm 2007/04/1 0 



JP,1 1-031 866,A [CLAIMS] 



1/1 y<—i> 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 
[ClaimCs)] 

[Claim 1] The cascade screen which has two or more layers which become fundamental from the ingredient which a 
laminating is carried out so that pn junction may be formed, and is expressed with the following empirical formula, n lateral 
electrode and p lateral electrode which were connected to said cascade screen so that a current might be supplied to 
x+y+z=1, 0<=x, y. and the z<=1 aforementioned pn junction Inx Gay Alz N and here. So that the high resistance part of high 
resistance may adjoin relatively [ part / of low resistance / low resistance ] relatively The exoergic structure formed in 
said cascade screen and said low resistance part are gallium nitride system compound semiconductor equipment 
characterized by providing being arranged in the side near [ part / said / high resistance ] said p lateral electrode. 
[Claim 2] Said low resistance part and said high resistance part are gallium nitride system compound semiconductor 
equipment according to claim 1 characterized by consisting of two fields where the carrier concentration formed in one 
layer differs by introducing an impurity with a different dose. 

[Claim 3] Said impurity is gallium nitride system compound semiconductor equipment according to claim 2 characterized 
by being chosen from the group which consists of Mg, Zn, P, and Q. 

[Claim 4] Said impurity is gallium nitride system compound semiconductor equipment according to claim 2 characterized 
by being chosen from the group which consists of Si, Sn, Se, Te, germanium, and S. 

[Claim 5] Said low resistance part and said high resistance part are gallium nitride system compound semiconductor 
equipment according to claim 1 characterized by having different electrical conductivity and consisting of two layers by 
which the laminating was carried out. 

[Claim 6] Said high resistance part is gallium nitride system compound semiconductor equipment according to claim 5 
characterized by the content of Ga being lower than said low resistance part. 

[Claim 7] Said high resistance part is gallium nitride system compound semiconductor equipment according to claim 5 
characterized by the content of aluminum being higher than said low resistance part. 

[Claim 8] Said high resistance part is gallium nitride system compound semiconductor equipment according to claim 5 
characterized by the content of In being higher than said low resistance part. 

[Claim 9] It is gallium nitride system compound semiconductor equipment according to claim 1 to 8 which said cascade 
screen possesses the current block layer which was arranged so that current constriction structure might be formed, and 
which has opening, and is characterized by arranging said exoergic structure in said opening circles. 

[Claim 10] Said semiconductor device is gallium nitride system compound semiconductor equipment according to claim 1 
to 9 characterized by being semiconductor laser. 



[Translation done.] 
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* .NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to gallium nitride system compound semiconductor laser about 

gallium nitride system compound semiconductor equipment. 

[0002] 

[Description of the Prior Art] In recent years, gallium nitride system compound semiconductors, such as GaN, InGaN, 
GaA)N. and InGaAIN, attract attention as an ingredient of blue semiconductor laser. In the semiconductor laser by these 
ingredients, it becomes possible to extract to a small beam by short wavelength-ization, and is expected as the light 
sources for high density information processing, such as an optical disk. 

[0003] Generally as p mold impurity to a gallium nitride system compound semiconductor, i.e., a dopant, Mg (magnesium) is 
used. Since this impurity has deep acceptor level, the rate of activation is small and only 1/dozens become effective p 
mold carrier from several [ of the amount of doping / 1/]. If the dose of an impurity is increased too much in order to 
make a carrier consistency increase, the quality as a crystal of p type layer will deteriorate. Moreover, the report that a 
carrier consistency falls conversely is also performed in too much dose. 

[0004] Since it is such, in the semiconductor device using the ingredient of this system, a low resistance p type layer 
cannot be obtained in essence. Moreover, since the carrier (p mold carrier, i.e., a hole) of p type layer is more remarkable 
than the carrier (n mold carrier, i.e., an electron) of n type layer and there are. it is in the situation which the carrier 
overflow to which n carrier overflows to p type layer exceeding a barrier layer tends to produce. [ few ] For this reason, 
when the ingredient of this system is used, it is difficult to realize the semiconductor device suitable for the practical use 
to an optical disk which operates by the low threshold and the low battery, and has high dependability. Moreover, the 
semiconductor device suitable for optical operations, such as a semiconductor device of the bistability mold of short 
wavelength or a self-oscillation type, is not realized, either. 
[0005] 

[Problem(s) to be Solved by the Invention] This invention was made in consideration of the above-mentioned problem, and 
aims at offering the gallium nitride system compound semiconductor equipment suitable for the practical use to an optical 
disk etc. which operates by the low threshold and the low battery, and has high dependability. This invention aims at 
offering the gallium nitride system compound semiconductor equipment of the bistability mold of short wavelength, or a 
self-oscillation type again. 
[0006] 

[A means to solve a problem] The 1st view of this invention is set to gallium nitride system compound semiconductor 
equipment The cascade screen which has two or more layers which become fundamental from the ingredient which a 
laminating is carried out so that pn junction may be formed, and is expressed with the following empirical formula, n lateral 
electrode and p lateral electrode which were connected to said cascade screen so that a current might be supplied to 
x+y+z=1, 0<=x, y, and the z<=1 aforementioned pn junction Inx Gay Alz N and here, It is characterized by providing that the 
exoergic structure formed in said cascade screen and said low resistance part are arranged in the side near [ part / said / 
high resistance ] said p lateral electrode so that the high resistance part of high resistance may adjoin relatively [ part / of 
low resistance / low resistance ] relatively. 

[0007] In the equipment of the 1st view, the 2nd view of this invention is characterized by consisting of two fields where 
the carrier concentration formed in one layer differs, when said low resistance part and said high resistance part introduce 
an impurity with a different dose. 

[0008] The 3rd view of this invention is characterized by choosing said impurity from the group which consists of Mg, Zn, 
P. and O in the equipment of the 2nd view. The 4th view of this invention is characterized by choosing said impurity from 
the group which consists of Si, Sn, Se, Te, germanium, and S in the equipment of the 2nd view. 

[0009] The 5th view of this invention is characterized by for said low resistance part and said high resistance part having 
different electrical conductivity, and consisting of two layers by which the laminating was carried out in the equipment of 
the 1st view. 

[0010] The 6th view of this invention is characterized by said high resistance part having the content of Ga lower than 
said low resistance part in the equipment of the 5th view. The 7th view of this invention is characterized by said high 
resistance part having the content of aluminum higher than said low resistance part in the equipment of the 5th view. 
[001 1] The 8th view of this invention is characterized by said high resistance part having the content of In higher than said 
low resistance part in that of the 5th view. Said cascade screen possesses the current block layer in which the 9th view 
of this invention has opening arranged so that current constriction structure might be formed in the equipment of the 1st 
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thru/or the 8th one of views, and it is characterized by arranging said exoerglc structure in said opening circles. The 10th 
view of this invention is characterized by said semiconductor device being semiconductor laser in the equipment of the 1st 
thru/or the 9th one of views. 
[0012] 

[Embodiment of the Invention] With reference to an attached drawing, the gestalt of operation of this invention is 
explained below. In addition, in the following explanation, the same sign is given to the part which has almost same function 
and configuration, and it carries out to it if needed about duplication explanation. 

[0013] Drawing 1 and drawing 2 are drawings showing the gallium nitride system compound semiconductor laser 
concerning the gestalt of the operation from which this invention differs. The gestalt of these operations is characterized 
by forming the exoergic structure for making effectual p moid carrier increase by performing modulation doping to p type 
layer which becomes fundamental from the gallium nitride system compound semiconductor expressed with the empirical 
formula of Inx Gay aluminum1-x-y N (0<=x<=1, 0<=y<=1). Here, modulation doping means doping which forms the field 
where the shades of carrier concentration, i.e., carrier concentration, differ in one layer by introducing a single or two or 
more impurities with a different dose. 

[0014] More specifically in gallium nitride system compound semiconductor laser, the layer which performs modulation 
doping is arranged as a p-modulation layer between p lateral electrode and pn junction. In this case, the carrier poured in 
from p lateral electrode passes along the low resistance field which contains an impurity in high concentration first, and 
after that, a modulation layer sets it up so that it may pass along the high resistance field which contains an impurity in 
low concentration. Thus, when a carrier passes along a high resistance field from a low resistance field, generation of heat 
can be produced in a high resistance field. In this invention, this generation of heat was used, the problem of the 
conventional gallium nitride system semiconductor laser, i.e., p mold carrier concentration, is low, and the problem that an 
oscillation threshold is high is solved. 

[0015] Usuaily. generation of heat leads to destruction of a component However, this invention persons found out that 
generation of heat of p-modulation layer by the above-mentioned configuration had the following effectiveness. That is, 
deep Mg of the acceptor level contained by this generation of heat in p-modulation layer or acljoining p-layer is activated, 
and effectual p mold carrier increases. This generation of heat can be used only for generating effectual p mold carrier by 
optimizing the resistance and thickness of low resistance and a high resistance field especially. For this reason, for 
example, the oscillation threshold of semiconductor laser equipment can be made low. 

[0016] In the semiconductor laser of the gestalt of implementation of the drawing 1 illustration, the laminating of the buffer 
layer 1 1 of Undoping GaN and the n-contact layer 12 of the Si dope GaN is carried out to order on the single crystal 
substrate 10, for example, silicon on sapphire. On n-contact layer 12. the laminating of the n-cladding layer 13 of the Si 
dope GaAIN, a barrier layer 14, and the p-cladding layer 15 of the Mg dope GaAIN is carried out to order, and double 
heterojunction structure is formed. A barrier layer 14 has the laminated structure of lightguide layer 14a of Undoping GaN, 
quantum welt layer 14b of InGaN/InGaN. and lightguide layer 14c of p-GaN. 

[0017] On the p-cladding layer 15, the laminating of the high resistance expressed with the empirical formula of the p-low 
resistive layer 16 of Mg dope low resistance GaN and Inx Gay aluminuml-x-y N (0<=x<=l, 0<=y<=l) or the current block 
layer 17 of n mold, p-modulation layer 32 of the Mg dope GaN, and the p-KONTAKU layer 18 of Mg dope low resistance 
GaN is carried out to order. Moreover, even the middle of p-contact layer 18 to n-contact layer 12 is etched partially, the 
n lateral electrode 21 is arranged in the front face of exposed n-contact layer 12, and the p lateral electrode 22 is 
arranged in the front face of p-contact layer 18. 

[0018] The current block layer 17 has opening 17a of the shape of a stripe with a width efface of 3 micrometers, and, 
thereby, current constriction structure is formed, the threshold of the laser of this structure — 1 kA/cm2 it is it has 
become 1/5 or less [ conventional ]. 

[0019] Modulation doping of Impurity Mg is performed to p-modulation layer 32, and the impurity Mg concentration of that 
interior has distribution (in this case, it can be said also as distribution of p mold carrier concentration) of the drawing 1 
(b) illustration. Like illustration, in the gestalt of this operation, two or more low resistance fields and two or more high 
resistance fields where Mg concentration is low where Mg concentration is high are formed so that it may be put in the 
vertical direction by turns. In addition, the topmost part and the bottom of this repetitive construct serve as a low 
resistance field where Mg concentration is high. Like the above-mentioned, the high resistance field where p mold carrier 
concentration is low turns into an exoergic field low [ Mg concentration ] therefore. 

[0020] The semiconductor laser of the gestalt of implementation of the drawing 2 illustration has the structure same from 
silicon on sapphire 10 to the p-cladding layer 15 as the gestalt of implementation of the drawing 1 illustration. On the p- 
cladding layer 15, the laminating of the p-low resistive layer 16 of Mg dope low resistance GaN and the p-KONTAKU layer 
18 of Mg dope low resistance GaN is carried out to order. Moreover, the n lateral electrode 21 is arranged in the front face 
of n-contact layer 12 exposed by etching, and the p lateral electrode 22 is arranged in the front face of p-contact layer 
18. 

[0021] High resistance or the current block layer 17 of n mold is formed in the interior of the pHow resistive layer 16 as 
the middle class. The current block layer 17 has opening 17a of the shape of a stripe with a width efface of 3 
micrometers, and, thereby, current constriction structure is formed. Furthermore, p-modulation layer 34 is formed in the 
interior of the p-low resistive layer 1 6 corresponding to opening 1 7a of the current block layer 1 7. the threshold of the 
ia ser of this structure — 1 kA/cm2 it is — it has become 1/5 or less [ conventional ]. 

[0022] In addition to p mold impurity Mg of the fixed concentration doped when forming the p-low resistive layer 16, p- 
modulation layer 34 contains n mold impurity Si introduced by modulation doping. Si concentration inside p-modulation 
layer 34 has distribution of the drawing 2 (b) illustration. Like illustration, piece place formation of the field where Si 
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. concentra-Jion is high is carried out in the center of p-modulation layer 34 in the gestalt of this operation, in addition, the 
concentration of n mold impurity Si can maintain the conductivity type of p-modulation layer 34 in p mold at the maximum 
— it is set up low moderately. In order that n mold impurity Si may play the role which offsets the carrier of p mold 
impurity Mg, the field where Si concentration is high turns into a high resistance field where p mold carrier concentration 
is low, and the field where Si concentration of the upper and lower sides is low turns into a low resistance field where p 
mold carrier concentration is high. Like the above-mentioned, the high resistance field where p mold carrier concentration 
is low turns into an exoergic field. 

[0023] In addition, it can set in the gestalt of implementation of drawing 1 and the drawing 2 illustration, and various 
approaches, such as metal-organic chemical vapor deposition and a molecular-beam grown method, can be used as the 
formation approach of a gallium nitride system compound semiconductor layer. Moreover, as the approach of modulation 
doping, various approaches, such as impurity diffusion and an ion implantation, can be used in addition to the approach of 
modulating at the time of growth. Moreover, modulation doping can also be performed so that distribution of a carrier may 
be formed in the longitudinal direction instead of a lengthwise direction. 

[0024] According to the gestalt of implementation of drawing 1 and the drawing 2 illustration, in gallium nitride system 
compound semiconductor equipment the equipment of a low threshold which was not obtained conventionally is realizable 
by forming exoergic structure by modulation doping. 

[0025] Drawing 3 thru/or drawin g 9 are the sectional views showing the component structure of the gallium nitride system 
compound semiconductor laser applied to the gestalt of still more nearly another operation of this invention, respectively. 
The gestalt of these operations becomes fundamental from the gallium nitride system compound semiconductor expressed 
with the empirical formula of InxGay aluminuml-x-y N (0<=x<=1, 0<=y<=1), It is characterized by forming the exoergic 
structure for making effectual p mold carrier increase by arranging at least two p-low resistive layers of low resistance 
relatively [ resistive layer / of high resistance / p-quantity ], relatively, so that it may be inserted into p-quantity resistive 
layer between two p-low resistive layers. 

[0026] More specifically in gallium nitride system compound semiconductor laser, exoergic structure is arranged as an 
exoergic laminated structure between p lateral electrode and pn junction. In this case, an exoergic laminated structure is 
set up so that the carrier poured in from p lateral electrode may pass along a p-low resistive layer and may pass along p- 
quantity resistive layer after that first. Thus, when a carrier passes along a high resistive layer from a low resistive layer, 
generation of heat can be produced in a high resistive layer. In this invention, this generation of heat was used, p mold 
carrier concentration is low and the problem of the conventional gallium nitride system semiconductor laser that an 
oscillation threshold is high is solved. 

[0027] Usuially, generation of heat leads to destruction of a component However, this invention persons found out that 
generation of heat of the exoergic laminated structure by the above-mentioned configuration had the following 
effectiveness. That is. deep Mg of the acceptor level contained by this generation of heat in p-quantity resistive layer or 
an acjjoining p-low resistive layer is activated, and effectual p mold carrier increases. This generation of heat can be used 
only for generating effectual p mold carrier by optimizing the resistance and thickness of a low resistive layer and a high 
resistive layer especially. For this reason, for example, the oscillation threshold of semiconductor laser equipment can be 
made low. 

[0028] Furthermore, when changing the presentation of a high resistive layer and making it the difference of thermal 
conductivity arise, an exoergic field is controllable by diffusion of an impurity etc. Moreover, although generation of heat 
will decrease if an inrush current is reduced once oscillating with the carrier obtained by generation of heat therefore, it 
becomes high resistance and generation of heat takes place again. Therefore, since a carrier is maintained on oscillation 
level in order to step on the process in which a carrier is generated, a bistable state is shown. 

[0029] In the semiconductor laser of the gestalt of implementation of the drawing 3 illustration, the laminating of the buffer 
layer 1 1 of Undoping GaN and the n-contact layer 12 of the Si dope GaN is carried out to order on the single crystal 
substrate 10, for example, silicon on sapphire. On n-contact layer 12, the laminating of the n-cladding layer 13 of the Si 
dope GaAIN, a barrier layer 14. and the p-cladding layer 15 of the Mg dope GaAIN is carried out to order, and double 
heterojunction structure is formed. A barrier layer 14 has the laminated structure of lightguide layer 14a of Undoping GaN, 
quantum well layer 14b of InGaN/InGaN, and lightguide layer 14c of p-GaN. 

[0030] On the p-cladding layer 15, the laminating of the p-low resistive layer 16 of Mg dope low resistance GaN which 
contains high resistance or the current block layer 1 7 of n mold as an interlayer, p-quantity resistive layer 42 of Mg dope 
quantity resistance GaN, and the p-KONTAKU layer 18 of Mg dope low resistance GaN is carried out to order. Moreover, 
even the middle of p-contact layer 18 to n-contact layer 12 is etched partially, the n lateral electrode 21 is arranged in 
the front face of exposed n-contact layer 12, and the p lateral electrode 22 is arranged in the front face of p-contact 
layer 1 8. 

[0031] The current block layer 17 has opening 17a of the shape of a stripe with a width efface of 3 micrometers, and, 
thereby, current constriction structure is formed. Moreover, an exoergic laminated structure is formed by inserting p- 
quantity resistive layer 42 in the p-low resistive layer 16 and p-KONTAKU layer 18. the threshold of the laser of this 
structure — 1 kA/cm2 it is — it has become 1/5 or less [ conventional ]. 

[0032] The semiconductor laser of the gestalt of implementation of the drawing 4 illustration has the structure same from 
silicon on sapphire 10 to the p-cladding layer 15 as the gestalt of implementation of the drawing 3 illustration. On the p- 
cladding layer 15, the laminating of high resistance or the current block layer 17 of n mold, the p-jow resistive layer 16 of 
Mg dope low resistance GaN, p-quantity resistive layer 44 of Mg dope quantity resistance InGaN, and the p-KONTAKU 
layer 18 of Mg dope low resistance GaN is carried out to order. Moreover, the n lateral electrode 21 is arranged in the 
front face of n-contact layer 12 exposed by etching, and the p lateral electrode 22 is arranged in the front face of p- 
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[0033] The current block layer 17 has opening 17a of the shape of a stripe with a width efface of 3 micrometers, and, 
thereby, current constriction structure is formed: Moreover, an exoergic laminated structure is formed by inserting p- 
quantity resistive layer 44 in the p-low resistive layer 16 and p-KONTAKU layer 18. the threshold of the laser of this 
structure — 1 kA/cm2 it is — it has become 1/5 or less [ conventional ]. 

[0034] The semiconductor laser of the gestalt of implementation of the drawing 5 illustration has the structure same from 
silicon on sapphire 10 to the p-cladding layer 15 as the gestalt of implementation of the drawing 3 illustration. On the p- 
cladding layer 15. the laminating of the p-layer 45 of the Mg dope GaN, high resistance or the current block layer 17 of n 
mold, the p-low resistive layer 16 of Mg dope low resistance GaN, p-quantity resistive layer 46 of Mg dope quantity 
resistance GaAlN. and the p-KONTAKU layer 48 of Mg dope low resistance InGaN is carried out to order. Moreover, the n 
lateral electrode 21 is arranged in the front face of n-contact layer 12 exposed by etching, and the p lateral electrode 22 
is arranged in the front face of p -contact layer 48. 

[0035] The current block layer 17 has opening 17a of the shape of a stripe with a width efface of 3 micrometers, and, 
thereby, current constriction structure is formed. Moreover, an exoergic laminated structure is formed by inserting p- 
quantity resistive layer 46 in the p-|ow resistive layer 16 and p-KONTAKU layer 48. the threshold of the laser of this 
structure — 1 kA/cm2 it is — it has become 1/5 or less [ conventional ]. 

[0036] The semiconductor laser of the gestalt of implementation of the drawing 6 illustration has the structure same from 
silicon on sapphire 10 to the p-cladding layer 15 as the gestalt of implementation of the drawing 3 illustration. On the p- 
cladding layer 15. the laminating of the p-low resistive layer 16 of Mg dope low resistance GaN which contains high 
resistance or the current block layer 1 7 of n mold as an interlayer, p-quantity resistive layer 52 of Mg dope quantity 
resistance InO.3 GaN. the p-low resistive layer 54 of Mg dope low resistance GaN, and the p-KONTAKU layer 56 of Mg 
dope low resistance InO.2 GaN is carried out to order. Moreover, the n lateral electrode 21 is arranged in the front face of 
n-contact layer 12 exposed by etching, and the p lateral electrode 22 is arranged in the front face of p- contact layer 56. 
[0037] The current block layer 17 has opening 17a of the shape of a stripe with a width of face of 3 micrometers, and, 
thereby, current constriction structure Is formed. Moreover, an exoergic laminated structure is formed by inserting p- 
quantity resistive layer 52 by the p-low resistive layer 16 and the p-low resistive layer 54. the threshold of the laser of 
this structure — 1 kA/cm2 it is — it has become 1/5 or less [ conventional ]. 

[0038] The semiconductor laser of the gestalt of implementation of the drawing 7 illustration has the structure same from 
silicon on sapphire 10 to a barrier layer 14 as the gestalt of implementation of the drawing 3 illustration. On a barrier layer 
14, the laminating of the p-low resistive layer 16 of Mg dope low resistance GaN which contains the p-cladding layer 62 of 
Mg dope low resistance GaAIO.3 N, p-quantity resistive layer 64 of Mg dope quantity resistance GaAI0.4N, high resistance, 
or the current block layer 17 of n mold as an interlayer, and the p-KONTAKU layer 18 of Mg dope low resistance GaN is 
carried out to order. Moreover, the n lateral electrode 21 is arranged in the front face of n-contact layer 12 exposed by 
etching, and the p lateral electrode 22 is arranged in the front face of p-contact layer 18. 

[0039] An exoergic laminated structure is formed by inserting p-quantity resistive layer 64 by the p-cladding layer 62 and 
the p-low resistive layer 16. Moreover, the current block layer 17 has opening 17a of the shape of a stripe with a width of 
face of 3 micrometers, and. thereby, current constriction structure is formed, the threshold of the laser of this structure - 
- 1 kA/cm2 it is — it has become 1/5 or less [ conventional ]. 

[0040] The semiconductor laser of the gestalt of implementation of the drawing 8 illustration has the structure same from 
silicon on sapphire 10 to the p-cladding layer 15 as the gestalt of implementation of the drawing 3 illustration. On the p- 
cladding layer 15. the laminating of the p-KONTAKU layer 18 of Mg dope low resistance GaN which contains the p-low 
resistive layer 16 of Mg dope low resistance GaN, the p-layer 45 of the Mg dope GaN, p-quantity resistive layer 46 of Mg 
dope quantity resistance GaAIN, high resistance, or the current block layer 1 7 of n mold as an interlayer is carried out to 
order. Moreover, the n lateral electrode 21 is arranged in the front face of n-contact layer 12 exposed by etching, and the 
p lateral electrode 22 is arranged in the front face of p-contact layer 18. 

[0041] An exoergic laminated structure is formed by inserting p-quantity resistive layer 46 in the p-low resistive layer 16 
and the p-layer 45, and p-KONTAKU layer 18. Moreover, the current block layer 17 has opening 17a of the shape of a 
stripe with a width of face of 3 micrometers, and, thereby, current constriction structure is formed, the threshold of the 
laser of this structure — 1 kA/cm2 it is — it has become 1/5 or less [ conventional ]. 

[0042] The semiconductor laser of the gestalt of implementation of the drawing 9 illustration has the structure same from 
silicon on sapphire 10 to the p-cladding layer 15 as the gestalt of implementation of the drawing 3 illustration. On the p- 
cladding layer 15, the laminating of the p-low resistive layer 16 of Mg dope low resistance GaN, high resistance or the 
current block layer 17 of n mold, the p-layer 51 of the Mg dope GaAIN, p-quantity resistive layer 52 of Mg dope quantity 
resistance InO.3 GaN, and the p-KONTAKU layer 55 of Mg dope low resistance InO.2 GaN is carried out to order. 
Moreover, the n lateral electrode 21 is arranged in the front face of n-contact layer 12 exposed by etching, and the p 
lateral electrode 22 is arranged in the front face of p-contact layer 18. 

[0043] The current block layer 17 has opening 17a of the shape of a stripe with a width efface of 3 micrometers, and. 
thereby, current constriction structure is formed. Moreover, an exoergic laminated structure is formed by inserting p- 
quantity resistive layer 52 in the p-layer 51 and p-KONTAKU layer 55. the threshold of the laser of this structure — 1 
kA/cm2 it is — it has become 1/5 or less [ conventional ]. 

[0044] According to the gestalt of implementation of drawing 3 thru/or the drawing 9 illustration, in gallium nitride system 
compound semiconductor equipment the semiconductor device of a low threshold which was not obtained conventionally 
is realizable by forming the exoergic laminated structure by which p-quantity resistive layer is sandwiched between two p- 
low resistive layers. 
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. [0P45] Drawing 10 is the sectional view showing the component structure of the gallium nitride system compound 
semiconductor laser concerning the gestalt of still more nearly another operation of this invention. The gestalt of this 
operation is characterized by forming the exoergic structure for making effectual p mold carrier increase from the gallium 
nitride system compound semiconductor expressed with the empirical formula of Inx Gay aluminum1-x-y N (0<=x<=1. 
0<=y<=1) into p-embedding layer which becomes fundamental which embeds opening (current path) of the current 
constriction structure of a semiconductor device. That is, in the gestalt of this operation, the exoergic structure by the 
exoergic structure by modulation doping explained with the gestalt of implementation of drawing 1 and the drawing 2 
illustration, the exoergic laminated structure explained with the gestalt of implementation of drawing 3 thru/or the drawing 
9 illustration is formed in the embedding circles of opening of the current constriction structure of semiconductor laser. 
[0046] In the semiconductor laser of the gestalt of implementation of the drawing 10 illustration, the laminating of the 
buffer layer 1 1 of Undoping GaN and the n-contact layer 12 of the Si dope GaN is carried out to order on the single 
crystal substrate 10, for example, silicon on sapphire. On n-contact layer 12, the laminating of the n-cladding layer 13 of 
the Si dope GaAIN, a barrier layer 14, and the p-cladding layer 15 of the Mg dope GaAIN is carried out to order, and double 
heterojunction structure is formed, Bandgap energy differs and a barrier layer 14 has the multiplex quantum well (MOW) 
structure where each thickness consists of periodic structure which consists of repeats which are the InGaAIN layers 
which are two kinds lOnm or less. 

[0047] On the p-cladding layer 15, the current block layer 17 of the non dope quantity resistance GaN is formed. The 
current block layer 17 has opening 17a of the shape of a stripe with a width efface of 3 micrometers, and, thereby, 
current constriction structure is formed. Opening 17a is relatively embedded by the embedding layer 19 in which p- 
quantity resistive layer 74 of high resistance has relatively two p-low resistive layers 72 of low resistance, and the 
exoergic laminated structure by which it was inserted among 76. The p-low resistive layers 72 and 76 consist of Mg dope 
low resistance GaN, and p-quantity resistive layer 74 consists of Mg dope quantity resistance GaAIN. In addition, like the 
above-mentioned, it can replace with an exoergic laminated structure, for example, can embed by modulation doping of Mg, 
and exoergic structure can also be formed in a layer 19 (refer to drawing 2 ). 

[0048] On the current block layer 17 and the embedding layer 19, the laminating of the p-low resistive layer 16 of Mg dope 
low resistance GaN and the p-KONTAKU layer 18 of Mg dope low resistance GaN is carried out to order. Moreover, even 
the middle of p-contact layer 18 to n-contact layer 12 is etched partially, the n lateral electrode 21 is arranged in the 
front face of exposed n-contact layer 12, and the p lateral electrode 22 is arranged in the front face of p-contact layer 18. 

[0049] Opening 17a of the current block layer 17 which forms current constriction structure can be made into the stripe 
width of face of arbitration by controlling etching. While it can lower to extent which can disregard the effect to the barrier 
layer 14 of the heat generated with the exoergic structure of the embedding section 19 by narrowing stripe width of face 
to 3 micrometers or less, to the embedding section 19, heat can be supplied efficiently, and a carrier can be activated. 
Consequently, in other fields other than embedding section 19, since p mold carrier increases, carrier overflow decreases, 
the threshold for laser oscillation is reduced, and the embedding section 19 can lower temperature conversely, although 
temperature rises locally. 

[0050] In the gestalt of implementation of the drawing 10 illustration, the presentation of the arbitration of GaN, GaInN, 
and GaAIN can be used as a presentation of the exoergic layer within exoergic structure, or an exoergic field. For example, 
it is also possible by using the embedding layer 19 as a GaInN layer altogether, and changing a dopant, or changing the 
amount of doping to change electrical conductivity. When laser actuation is actually performed and diffusion of a dopant 
may become a problem, even if GaAIN, then a metaphor dopant diffuse one layer in the embedding layer 19, or all, since It 
is relatively deep as compared with the acceptor level of the same dopant in GaN and GaInN, the acceptor level of the 
dopant in GaAIN can change a carrier consistency, and electrical conductivity changes. 

[0051] Moreover, in the gestalt of implementation of the drawing 10 illustration, although the high resistive layer 74 in the 
pad layer 19 is inserted into the low resistive layers 72 and 76, the high resistive layer 74 may be embedded and you may 
set on the bottom or the top of a layer 19. For example, the GaAIN layer by which Mg dope was carried out as a high 
resistive layer may be embedded and formed in opening 17a of the current block layer 17 so that it may be located in right 
above [ of the p-GaAIN cladding layer 15 ]. Furthermore, it is also possible to consider all opening 17a as the configuration 
which embeds in the single embedding layer of high resistance rather than a p-GaN layer. Moreover, the current block 
layer 17 can also be formed into [ instead of on the p-GaAiN cladding layer 15 ] a cladding layer 15, and can also be 
prepared instead of a cladding layer 15. Furthermore, it is also possible to form current constriction structure and exoergic 
structure in a n layer side. 

[0052] According to the gestalt of implementation of the drawing 10 illustration, in gallium nitride system compound 
semiconductor equipment, the semiconductor device of a low threshold which was not obtained conventionally is realizable 
by forming exoergic structure in p-pad layer which embeds opening of current constriction structure. 
[0053] In addition, in the gestalt of implementation of drawing' 1 thru/or the drawing 10 illustration, in order to form the 
exoergic layer or exoergic field within exoergic structure, a carrier may be decreased by doping 2n, P, and O, and forming a 
deep level besides Mg, or considering as a non dope. Furthermore, the thin field and thin layer which were formed into n 
mold may be formed by doping Si, Sn, Se, Te, little germanium, tittle S, etc. 

[0054] Moreover, in the gestaft of implementation of drawing 1 thru/or the drawin g 1 0 illustration, although the 
presentation of each class is shown concretely, these can be variously changed in the range of the empirical formula of Inx 
Gay aluminuml-x-y N (0<=x<=1, 0<=y<=1). Moreover, in the gestalt of these operations, although the semiconductor laser 
of the double hetero structure which sandwiches a barrier layer by the cladding layer was mentioned as the example, this 
invention is also applicable to the semiconductor laser of the SCH (Separate Confining Hetero-Structure) structure which 
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s£«idwiche| a barrier layer in the guide layer which consists of GaN or InGaN. and faces across the outside by the cladding 
layer further. Moreover, in the gestalt of these operations, as a form of current constriction structure, although the 
senniconductor laser of IS (Inner Stripe) mold was mentioned as the example, this invention is also applicable to the 
semiconductor laser of other form, such as BH (Buried Hetero-structure) mold and a BSR (Selectively Buried Ridge Wave 
guide) mold. Furthermore, this invention is applicable to other semiconductor devices using the gallium nitride system 
compound semiconductor layer expressed not only with semiconductor laser but with the empirical formula of Inx Gay 
aluminum1-x-yN (0<=x<=1, 0<=y<=1), and two or more semiconductor devices integrated on the same substrate. 
[0055] 

[Effect of the Invention] According to this invention, the gallium nitride system compound semiconductor equipment 
suitable for the practical use to an optical disk etc. which operates by the low threshold and the low battery, and has high 
dependability can be offered by forming exoergic structure between p lateral electrode and pn junction. Furthermore, by 
this configuration, although the gallium nitride system compound semiconductor equipment of the bistability mold of short 
wavelength or a self-oscillation type is offered, it can do. 



[Translation done.] 



http:/ / www4.ipdl.inpit.go.jp/ cgi-bin/tran_web_cgi_eije 



2007/04/1 0 



JP,11-031866,A [DESCRIPTION OF DRAWINGS] 



1/1 y<—iy 



*J^OTICES* 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the gallium nitride system compound semiconductor laser concerning the gestalt of operation 
of this invention. 

[Drawing 2] Drawing showing the gallium nitride system compound semiconductor laser concerning the gestalt of another 
operation of this invention. 

[Drawing 3] Drawing showing the gallium nitride system compound semiconductor laser concerning the gestalt of still more 
nearly another operation of this invention. 

[Drawing 4] Drawing showing the gallium nitride system compound semiconductor laser concerning the gestalt of still more 
nearly another operation of this invention. 

[Drawing 5] Drawing showing the gallium nitride system compound semiconductor laser concerning the gestalt of still more 
nearly another operation of this invention. 

[Drawing 6] Drawing showing the gallium nitride system compound semiconductor laser concerning the gestalt of still more 
nearly another operation of this invention. 

[Dravying 7] Drawing showing the gallium nitride system compound semiconductor laser concerning the gestalt of still more 
nearly another operation of this invention. 

[Drawing 8] Drawing showing the gallium nitride system compound semiconductor laser concerning the gestalt of still more 
nearly another operation of this invention. 

[Drawing 9] Drawing showing the gallium nitride system compound semiconductor laser concerning the gestalt of still more 
nearly another operation of this invention. 

[Drawing 10] Drawing showing the gallium nitride system compound semiconductor laser concerning the gestalt of still 
more nearly another operation of this invention. 
[Description of Notations] 

10 — Silicon on sapphire 

11 — Non dope GaN buffer layer 

12 — n-GaN contact layer 

13 — n-GaAIN cladding layer 

14 — Barrier layer 

15 — p-GaAIN cladding layer 

16 — p-GaN low resistive layer 

17 — Current block layer 
17a — Opening 

18 — p-GaN contact layer 

21 — n lateral electrode 

22 — p lateral electrode 
32 34 — Modulation layer 

42, 44, 46, 52, 64, 74 — Quantity resistive layer 
[Translation done.] 



http://www4.ipdl.inpitgo.jp/cgi-bin/tran_web_cgi_eije 



2007/04/1 0 



(19)H*ffl4*fFit (J P) 



(12) ^ 




4#rF (A) 



(ll)#fFmH4J^IW»# 

!|#IS^1 1-31866 

(43)i^lBB ^J«ll^a999) 2^2 0 



(51) Intel.* 
HOIS S/18 
H 0 1 L 33/00 



F I 

HOIS 3/18 
H 0 1 L 33/00 



(21) aiHS^ 




(71) tHIHA 


000003078 


(22)miSIB 


¥^9 ¥(1997) 7^140 










(72)5E?9# 
























(72)55W# 
























(72)5Sffl« 
























(74) A 













(54) ffi^bjtf 'J 




(57) [Si^] 

iCtt. M g K-yeSirCG a NCI p -fiffiJaJl 1 6 , 
N(0p-^^)13 2. Jit>*Mg K-^^teifiStG a N©p 



(b) » 





MfllUF 



1 

In. Ga, Al. N« C :ir*x + y + z = 1 . 0^ 
K, y, z ^ 1 

5C tSr#mir-t-5!»3S:5i l::iSicccig'fl:*'y '^A^-fli 



A. 




[fS*:S4 ] fltilE^Mfeli Si. Sn. Se, Te, G 

[0001] 




(2) 



10 



20 



30 



40 



50 



<l^m¥l 1-31866 

2 

[0 0 0 2] 

[tifjfecoS^Pf] GaN. InGaN. GaAl 

N . I n G a A 1 ^^(Dmt:^ V ^ M^l^'it-^m^^m'^ 

[0 0 0 31 D ^ -i^mt-^i^^mm^Mir^ p s 

C i:;65-^t:y<CV\ :Sf:L, pmm<D^\VT (pS=^-+y 
[0 0 0 5] 

[^BJliS^^LJ;^ i.-f-5|lMl ±»©Pp1H 

[0 0 0 6] 

In. Ga, Al. N, CC'C*x + y+z = l, 0^ 
X , y , z g 1 








9C 



[0 0 0 7] :^WPi(DW, 2 ©^,^^(1, |g 1 ©^I,S©; 




(3) 



1$M¥l 1-31866 





[0 0 0 8] 3 (D^^fi. ^ 2 W^i,^<DgB 

n« Se, Te> Ge. Si)^hfi^mt^f:>WSi^i^.^Z 

t%:mWitir^. 10 

[0 0 0 9] 5 CDffi^Ji, ^ 1 (^^a^Ogfi 

[0 0 10-1 *^?^0M6 0«^tt. ^5(D^a^C0iSB 

■cD^^^;ei5tev>r t^^^mtl-^o *^?^0||7<o^g^ 

5o 20 

[0 0 1 U if%m<Dm S (DnM.\-±. ^5(0^g,^oi;ifc 

mti-5„ 30 
[0 0 121 

[00131 01 St/El 2 (1, *^?^rc»^/£-5llife(;oj|^ 

fc5„ CtveoHJSOJI^ISJi:. In. Ga, A I 
N (O^x^l, O^ySl) (D^^St?*^ixSg{ll 

^MifeSrS'^jrS K-X»T-^A1-5r irici 19. loco 

[0 0 141 x<oM.i^mat. mt:» V t7 J^ikit-^sfi!)^ 






[0 0 151 ii^. ^llft(±*^-c05S«lco/£iS5c ti4> 



[0 0 161 laim^T^WllJigcDJi^licO^li^fr^— ffCfc 

v^T. m^^Bmm. ■fisj;t<f-9-7 7-rT£tei o±ic. r 

> K-T^G a NCO^<y 77S 1 1 V SiK--/GaN(D 

n-^ty^-^r [-mi 2i)mizms^fi?)o n-^v^^ 

Vm\ 2 k.\Z\-t^ S i K-T'G a A 1 N(Dn-i:'7 y K 
e 1 3 . SttJi 1 4 , SU^M g K-7°G a A 1 N<D p - 

^ 7 -y KJi 1 5 /!i5|iilcae ^•//v^-^x a 

-< 1 4 a , I n G a N/ I n G a N©1:^#FS 1 
4 b . mi p - G a N«3t;«f Kl 1 4 c O^Ji^itSr 



A. 

□ 






[0 0 17] p-^5:y KJil 5(D±ICf±. Mg K-^ 
^&}SSiGaN<^p-{Sig^iil 6. In. Ga, Al 
1-X-, N (O^x^l, O^y^l) (^m^^TS^tL 

5I^igfeitfc*lnS(^«iSS>^a>;/^® 1 7. Mg K-T' 
G a N(0 p -^TOJi 3 2 . mm g K-T^fiffigiG a N 

hSl 8;^f>e? n-=i>^^^ Hill 2C0^q3jT*^5 

1 8 0«ffit^flp{Rijmffi2 2;^f5EIS$n'5o 
[0018] SSfcy^o -/^ii 1 7113 

/^^Ji^^^ttSo ^(75«ig<^i— if(7)L^vMitfi, 1 k'A 

/cm' TfoD. fif5fec01/5£j(Ti:/c^oTV^5o 

[0 0 19] p-^I^g3 2tC*l-LT(l^j^%lMg(^^ 
IS K-tV^p&^SS^ix. -tcT^rtgSfO^^feMg^g^ll, 
m\ (b) ig^fD^;^: CK^S^IlpS^-^UTigScT) 









(4) 



i|#M¥ 11-31866 





[0 0 2 0] EI 2 

iJ-^T-rrSSl 0^^P,p-^7>;^ Kill 5*X« 01 

1 5 CO±tC(±, M g K-7°{S}£ta;G a NW p -Wim. 
1 6JS:U5Mg K-7°{g;ig^n;Ga NOp-=>;y^i?H 8 

hgl 2©«S!C|in«iJ®ffi2 l;asgE^$ 
ix. p-^-y^^ hSl 8««ffi(::(±pftija;i(12 2d5gB 

[0 0 2 1 ] p — (gfeSxS 1 6 (D[hU\Cl-i^mS t LT 

5o p-tgffiiriSl ecortJfStcfi. mM-f^y^ 

S 1 7 (DM PilU 1 7 a IC^/S LT p -^^S 3 4 ^SJi^J^St 
$tl.5o +^•»L#VMt(l. IkA/cm 

T*fe»). t**CDl/5JeJlTi:?toTV^2>„ 
[00 2 2] p -^mm 3 4 p -fiffiitl 1 6 SrJg 

Sr-aW-r-Sc p-^WS3 4WF^|f|5©S ijg^tt, 1112 
(b) El^©^*S:*-t-?)„ |gjj^(©*D<, *|llgcDJ^Ii 
IZljSV^Tfl. S iSS<C)iiiV>tl^iJSp-^Pl3 4(^4' 

P-^ISS3 4ro^«S^p^lca#T-#5 
gco=3f-^y7^tg^-t6=a#J^:*fc-t-fc*. Si«Sro 

[0 0 2 3] /<efc\ EliX0!|I12E!*(;)||*fe(D?^ffi(cfc 

ir:y'&:Xm. «^<o:&)fe*fflv^5c idST#5„ Sfc. 

^^^mmt^ J; 5 icff^i 5 c t T'# ^„ 

[00 2 4] El 1 Rxfm 2 H^c^Hlfecojgffii:: iixtf, 

Sjb;!fy '?A^^b■g•te^^^^i:^a^c*5^^T. ^wK-t° 

/<e/5^o fcfi L# v^'i:ro^«5ril?I.-r S ^ t j5*^T# -5„ 

[0 0 2 5] 1113 7!»Mia9f4> i^^moli\C&i(D 
n . G a , A 1 • N (OgxSl. O^y^l) © 





10 



20 



30 



40 



50 




A. 

a 





^^(O'pfi < i t 2 oro p -i&mjiM t^. p -i^ffita 

il-i"?. pS=^-vy T4riiJD$-a:5fcJe)CD^ 

f?5«it^?l^^ Lfc C i: t -rSo 

[0 0 2 6] J; ^^Wlctt. g^t;;<fy ^'A^^k^^^ 

T^fi^^t L C i: ;65T'# 5„ *«??tc*3V^T (4. 
Fn1H^mWLTV^5o 

[0 0 2 7] ii^. ^l^f±*^-®?S«t;o/idS5„ \_,t^ 
Ignite J; fj p -iiigfeil^t/MiP^-rap -teigfeiill^ 

[0 0 2 8] Hic. ^m.^Momm^mt^'^t. m& 

fc, -S, ^fiT*#P)tvfc^-y yrtciij^SLfc^, 

5<^T. M'^^m^m^TT^-to 

[0 0 2 91 lll3ia^©||Jfe(D?^^(7)^t^li*V— if|c:*3 

>- K-7°Ga NOD^^y^rJil 1. SiK— ^GaN® 
n-3V^i? KJil 2d5)iltcaJi§tu5o n-^^l^^i^ 
hJI12±tC(4, S i K-7°G a A 1 N©n-^y ^ K 
113. S'ltJi 1 4 , Jit/M g K-^G a A 1 NO p - 

7 KS 1 5 ;65JiilcaS n^-^:itig 
*5?i^^$tv-5„ fifttSl4f4. K-7°G a NO^te;;y 

Kil 1 4 a , I n G a N/ I n G a N©l:^#FJi 1 
4 b, SU'p -G a NCD^;^f'r Kg 1 4 c W 













[0030] p-^y-yKSlS ©±!C|i, i^lgJtSit 
(■±niiC0l;)5f:-:/c3 i^^jf 1 7 ^il^Wgi LT'^tfM g K 
-7°{g;ig*iG a N® p -^gSftJi 1 6 . M g K-7°S5fi: 
irCG a NO p -jlSfetiiJi 4 2 , RXlM g K->^fife$n:G 






^ hill 8co^EtC(^p{|iJSffi2 2*5iBt&^ti'5o 
[0 0 3 1] M^u'^^^yif'Ml 7fl3 MmC0fti(7);< h5 

ft. IkA/cm' -C&t). t¥*(^l/5iSlTt?ioT 

[0 0 3 2] m4 m^oMMomMo^^mw 

f-:7r-rTStel 0;ii^ep-^y:v KSl 5*T% 133 

7 , M g K-T^iSffiStG a NCO p -fiig^JI 1 6 . M g 
K-7'^Si£a I n G a N(D p -jSJggia 4 4 . RUM g 
K-T^^gSeiGa N<^p-::iy^^Jil 8 :65JllSlcai ^ 

ill 2(7)«ffilrfln{I!l«ffi2 l^^iElS^iX. p-=iy^ 

^ 1 8(D*EtrilpWfl:^l2 2;05iaiS^ix5o 

[0 0 3 3] WJKt'p ^y^J^iil 7(^3 m CO CO 7: 
mm^n^o p - i^ffiiaii 4 4 p 

Ik A/ cm' t¥*(^l/5£i.Ti:^eoT 

[0 0 3 4] ms m^(Dmi^(DmM<D^Mi^i^~^n. 

1 5(^±{Cfl, Mg K-:/GaN(Op-g4 5. iSigJo: 

Sfcl^ n^iDSifDyp y^Jil 7, Mg K-:/<£l£feiG 

a p -ffiiSetii 1 6 . Mg K-^iSffiStG a A 1 N 

0 p -i^ffiSiJi 4 6 . RZJ^M g K-7^{£ig$i I n G a N 

{||J«<12 1 ;6^SB1S:^^X. p hS4 8 0«ffitC 
tlp««ffi2 2;55ElS$ix5c 

[0 0 3 51 W^fD^i^i ^y:^ii 1 7(13 jtz m CO ffi CO by 
-ryt^cogSPgBl 7 a ^^TL. ^tvirj: i^mjfE*^^ 
:65?i^^$ix5o p-iSJgtn:l4 6;0^p-^g 

1 eXI/p -^>^^^»4 8-Cg^Sti.'5Ci:l:ij:i9, 

II. Ik A/cm' Tfo*9 . tJ&*coi/5eiTi:?ioT 

[0 0 3 6] |gl 6 U-if fl, 

1^:7r-f rSfel 0:^)^^p-^y-/ KSl 1113 










(5) 



10 



20 



30 



40 



50 





7T\\ 







#M¥l 1-31866 

8 

tfiSl 6. Mg K-T^iSffiioil no.3 Ga NCOp-ig^g 
irCJi 5 2 . M g K-T^iSiStaiG a NCO p -^gSgil 5 
4 , SU^Mg K-T'iggJrL I no.2 G a NCO p - 

^^J'JIS 6;5Mil::aJi$tb5c ^fc. ^ ^/f-^-^t;! J: ^9 ^ 

tblUfcn-=iy^^ hgl 2<D«ESCttn{RiJ«;^2 1 

p-rrv^^ hJi5 6 C>«ffitCttp{RiJ®<i2 
2;55SSI$$tl5o 

[0 0 3 7] WM^^ yi^mi 7tt3 i/mcotlco^ hy 
-ry^^coHPai 7 a 4:Wb. Ctut-J:'9«*fL^*^ 
;5SJi^^^n5o p-iSJgaSS 2*^^p- 

1 ^RX^p-^WoiM 5 4 -Cfet^tiS ^ ir{:i J: 9 . 

(1. IkA/cm' Tfofp. fif5fe<7)l/5£;^Ti:?SoT 
[0 0 3 8] El7[iI*(DmS(^?]?^C0^^^l/-iffi, 

f-:7 7'<TK>Kl o^^^tiS-ftli 4*T\ |gl3|gl^(0|| 
m(DWMkmzW&^^iri>o ffittJil4±icf^, Mg 

K— y'fiffiStG a A 1 0.3 NCO p - 7 y K/i 6 2 . M 
g K-T'iSffi^G a A 1 0.4 NCO p -iSfiirCil 6 4 , 
ffi^^fc*lnScO«iS:^^n:y^gl 7S:f'p^/ii: LT^ 
tpM g K-T^eSfeiG a p -ffiffiSig 1 6 . RXjU 
g K-y{glgtrLGa N<7)p-=3>^i5^^jil 8 /^^JlHIlffiil 

hSl 2C»*ffi{C(ln{|iJ«^12 l;6^gBI^$tL, p-n^- 

Vmi 8(^*Ei::fip{|iJ«S2 2;6SiElS:$tt5c 

[0 0 3 9] p-ii5l£fei:Jl6 4;d5p-^^.;, pjg6 2X 
U^p-fSjg^Hl 6Tfi^*n6^i:tcJ:(9. ^fiSJilt 

*@<7);^ hy^y4^(Dg^nSl3i 7 a cnicit)!; 

(1. IkA/cm' l/5Je>LTi:?ioi: 

[0 0 4 0] m 8 lll*(D^J6(^?|^ffico^^ft: l/-- ffl, 
i^>'T'<7SSl 0^^?pp-^7>> Kll 5$T% III3 

0:^(0 ^tecojf^lirl^CWigSrWi' 5c p-^y-^K 

1 SOJiiCli, Mg K-T'^SJgJrCGaNcDp-ffiJSfei 
1 .6 . M g K-T^G a N<7) p -S 4 5 , M g K-T^fSlfi 
KGa A 1 N(Dp-ii5jgJrLil4 6. iSlSfeli fcfl n ^(^ 

mgft>^'o :yi5^ill 7^^ir^iii: LT^tfMg F-7^{g:i£ 

^G a N(Op -ri^-^^^:^!! 8^5)il|i-^ji^tt5c 4 
l-(lnftij®ffi2 l;65gaig$iX, p-^>^^ Vmi 

[0 0 4 1] p -iSi&^ji 4 6 ^5 p -^mjim 1 6 xt; 

1 7113 MmCOffiOy^ hy-<7't*cC7)MPt|31 7 a 







[0 0 4 2] la 9 m^(DmM(DmM(D^mi^i^-^\t. 

16, iSlS^^fc(lnS(^«JK>^'n rx^a 1 7. MgK 
-T'Ga A 1 N(^p"S5 1, Mg K-T^itEffigil n 
C.3 Ga N(Dp-igi£ST:l5 2. St/M g K-^iglgfet 

I no.2 G a N(Dp-::iy9^m^ ^i)^^\^^M^il 

hmi s(Dmm:inpmmm2 2i)^-sE.m^ti^o 

[0 0 4 3] M^i^^^ y^Sl 7113 iim(DU(D::^ hy 

^T^i^t^^p^isi 7 a 5rWU. ^nici igmiSfE^^^Jt 

[0 0 4 4] m3jb^m9m^(Dmw,(Dmm\^xix\i. 
[0 0 4 5] gi 1 0 :^mm(Dmcm(Dmm(Dmm^ 






•tmmmvh^o ^(Dmmommns ^mi^mmomik 

r A I i-x-r N (O^x^l, O^ygl) (DBJ^^X . 

[0 0 4 6] El 1 Oia^CO^JfeCDJgffiCO^^i^l/— f-'d 
T>'V—:fGaN(D/<yyrSll. SiK-T'GaN 

KB 1 3 . SttS 1 4 , St/M g K-yG a A 1 N<D p 

- ^ y 5^ FS 1 5 ;6^)ilI(caJi p 
itd^^^^ixSo ftttSl4fl. K=¥-v>yy^^v^' 
I nGa A I NilcO^ ig LT*«j*$ tl^j^ffltSjt;^^ 
t)?i5#aft^#F (MQW) 

[0 0 4 7] p-^^:y Fgl 5cO±tC(t. / >- K-:/ 




a 






(6) 



10 



20 



30 



40 



^ 50 



1-31866 

10 





i3 





PifK 1 7 a fi, p -il5ffi^l 7 4 ^5|S 

*rWf-iSigei<^2oWp-'(g;iS5tJi7 2. 7 6Wtc^t 

tl5„ p -■ (gjggt^ 7 2. 7 6 ttM g K-yeffitt 
G a m^t^ti <0 . p -i^igtal 7 4 flM g h'-^^mi 
Ga A 1 N*^P)/£5„ luSl!(D*P<.^fjaHi 

1 9rtlC^lSi«3t5:?i?^ft-r5C tt)T?#5 (ia2# 

[0 0 4 8] SjSSt'o s/i?ji 1 7St;^ffii*iii^^Sl 9± 
ICtt, M g K-7"ig;l£*aG a NO p -{£ffitt)i 1 6&t; 
Mg K--/{£j£$T:GaNCDp-::i>'^^Jil 8 dSltlC^ 

^^^5' hi 1 2C0SE(::finffll;^i2 1 
p-='>':J'^ hJil 8(DSDElC{ip{IlJl;ffi2 2 





[0 0 4 9] m^mmmm^m}$.ir^m^y^^y^si 

7coMPffil7afl. ::i^^yf->^^^Sr$yW-r5::i:lcJ:o 
TfiE:E(^;^ h7-f T^^itc-ra^ t;6^-e#5. y^hy^y 

9 {c^LXn^mX < f^SrW^LT^-t y T^rffitt^b^ 

[0 0 5 0] EI 1 0 m^(DmM(Dmm\^^\^^x . mmm 

aInN, G a A\ N<Djim(Dmj^^m\^^6Ztf}>Xt 

5o misb}2^^m 1 9 ^±X G a I n NB t 

h^m^\at. m^ii^^Mi 9\^(D~-o(Dm. tfc\t± 

n^GaA\Nti~tl\^. m:^V'-^<> h^mmLXi, 
G a A 1 N^<D V~^<yh<DTi^±y^mi\LnG a N, 
G a I nNtCjott^lRli: K-^^V [-(^r^irT'iJ^S&^r 

[0 0 5 1] ^fc, mi omyr^(DmM(D]fm\^is\^^x 
s^^^ji 1 9 \^<DMm,m.m 7 &m.mm 7 2 . 

7 6 t^i^Sti.TV^5;5\ i^ffi*aS 7 4 SrSi^ii^l 1 9 
i: LTMg K-y^ix/cG a A I NJi^, p-GaA 

IN^yy KSl 5 C»ii:±{:i>ffi:K1-5) J: 5 tc, S^itT^P 




11 

5o Sfc, ttSft^^'o :y^S 1 7(i, p-GaA iN^7 

V vm 1 5 < . ^ 7 y KS 1 5 4^ IcilStt 5 




[0 0 5 2] 010 H^co^lfeojgffil:: itifi. 

1 0 0 5 3 1 El 1 75^0 1 0 ig^roHJgoji^ffiic 




[0 0 5 4] Sfc. 0 1 1 0 El^(D*Jg<Djf]^ffi|C 

(i. In. Ga, A I,,-, N (OSx^l. O^yS 

SttS^GaNtfcdl nGaN*^e>/i 
CH (Separate Confining Hetero-Structure ) flIiaO 

S (Inner Stripe) S«>^^ft:L'-f-'^r^Jir^lf i'c;*^ 
*^?^(*, BH (Buried Hetero-structure ) B S 
R (Selectively Buried Ridge Wave guide ) S^Oftil 

*|gPJli. flcpgb-f. In. Ga, AI 

N (OSx^l. O^y^l) CO»^^-C*$^^ 



1-l-T 







[0 0 5 51 



(7) 



10 



20 



30 



40 





1-31866 

12 

[iKi6] ^%m(o^\z.%\\(DmM<Drm\^^.i>m\:i^ ^) ^ 

[08] *^ee(;)Mlc^3ycoJ|}Sc>J|^ffii;i#5S{k;^fy i> 

[010] *^?^(05tcJ3rj(D||J6coji^^lc>K-5gft;^y 
[W^^Ift?^] 



1 0 

1 1 

1 2 
1 3 
1 4 
1 5 
1 6 
1 7 
1 7 

1 8 

2 1 
2 2 






n-G a N=i>^^^ h 
n-Ga A 1 N^y^y K 

p -G a A 1 N::^ y y K 
p - G a Nffiffiiri, 

p -G a N::i V-^^ h 

p 

3 2,3 4-"^^^ 
42. 44. 46. 52. 64. 1 A-^Wai. 





(8) 



1-31866 



[Ell 1 



[02] 



(Q) 







s \mm 



[03] 



[I§14] 



14 




14 




[06] 



[El 5] 



46 



14 1 14^-^ 



ll4a 





(9) 



!^mW-l 1-31866 




m9] 




[mi 0] 



72 



18 

16 
^7 

14 

t13 



2* 



12 



[0 



